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摘要 
布里甘加河（Buriganga）位于孟加拉首都的达卡市（Dhaka），这里居住了
约 1800 万人口，被认为是孟加拉污染最严重的河流之一。地下水是当地居民饮
用水的主要来源，但是其水平面逐渐下降，从而导致居民开始饮用表层水。这
篇研究的目的是为了利用 ICP-MS 测定布里甘加河水、沉积物和鱼类中多种元
素的含量，为未来环境监测提供相应的信息。本实验分别于雨季（2015 年 8 月
5 日）和冬季（2016 年 2 月 7 日），在布里甘加河的 7 个采样地点采集水样、沉
积物和鱼类，并利用 ICP-MS 测定样品中金属含量（如 Cr、Mn、Ni、Cu、As、
Cd、Hg 和 Pb）。此外，考虑金属对水生生物和人类有着相似的影响，因此研究
其季节和空间分布的变化。冬季，水体中 Cr 和 As 的浓度低于检出限（BDL），
而在站位 1 检测到 Ni 的浓度为 1.868 mg/L。除 Cr 和 As 以外，大部分元素浓度
均为冬季高于雨季，且其浓度在不同季节有不同的变化趋势。雨季，Cr、Mn、
Ni、Cu、As、Cd、Hg、Pb 浓度分别为 0.757、0.059、0.005、0.011、0.003、
0.004、BDL、0.038 mg/L；冬季，其浓度分别为 BDL、1.528、BDL、0.162、
BDL、1.062、0.102、1.213 mg/L。 
雨季，金属元素的空间分布变化较小，而冬季变化较大，其主要原因是雨
季有大量水体输入。工业废水自上游排放，并与洪水混合，而这种水体仅限于
排污口附近。由于河岸附近有大量制革厂存在，Cr 是布里甘加河污染最为严重
的元素之一（特别是站位 1 和站位 2 之间）。但是冬季 Cr 浓度低于检出限，而
雨季成为浓度最高的元素。Pb 是第二大污染元素，其平均值为 1.213 mg/L，最
高值出现在站位 1（2.052 mg/L）。冬季 Hg 的平均浓度为 0.102 mg/L，最高浓度
出现在站位 2（0.128 mg/L），其次为站位 3（0.120 mg/L）。 
相似的变化趋势也在沉积物和鱼类中发现，即金属元素冬季浓度高于雨季，
但是其浓度变化小于水体中金属浓度。根据研究，由于洪水和雨水的稀释作用，
导致雨季水体中金属浓度普遍降低。稀释或冲刷作用对于沉积物影响较小，因
此沉积物中金属浓度变化较小。雨季，Cr、Mn、Ni、Cu、Zn、As、Cd、Hg、
Pb 在沉积物中的浓度分别为 42.229、37.579、6.394、14.072, 0.181、0.206、
0.016、10.407 mg/kg 冬季，其浓度分别为 44.083、39.063、7.138、15.926、
0.198、0.227、0.018、11.405 mg/kg。由于制革厂的影响，沉积物中 Cr 浓度最
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高，其平均值为 44.083 mg/kg，最高浓度出现在站位 1（雨季：76.441 mg/kg；
冬季：70.808 mg/kg）。根据本研究中污染度、污染因子、潜在生态危害指数及
生态危害因子评估，沉积物中金属污染属于低污染水平。 
根据对鱼类中金属浓度研究发现，除 As 在所有鱼类中均低于检出限，其余
元素冬季高于雨季。有趣的是，Cr 在冬季水体中的浓度低于检出限，但是可以
在三种鱼类中检测（A. testudineus：2.284 mg/kg（站位 1），H. fossilis：0.352 
mg/kg（站位 1）和 N. notopterus：0.196 mg/kg（站位 2）），其中站位 2H. fossilis
中无法检测出 Cr 浓度。在 H. fossilis、N. notopterus 和 A. testudineus 出现 Cr，
可能与其为肉食动物相关，特别是作为底栖生物 H. fossilis 和 A. testudineus。所
有元素中 Mn 浓度最高，在 P. ticto 中其浓度为 0.915 mg/kg，在 A. testudineus 中
浓度为 47.410 mg/kg。 
As 的健康危害指数（HRI）比对应的 RfD 至高 92-170 倍。此结果说明了被
污染的鱼类是人类健康的潜在危害。冬季，Cd 的 HRI 比 RfD 高 148-294 倍，此
结果说明了人类通过食用污染的鱼类会遭受潜在健康危害。但是，根据目标危
害商（THQ）的研究结果，在雨季，由于目标危害系数（THQ）与危害指数
（HI）均小于 1，说明了这些元素无潜在的致癌风险。冬季，所有元素 THQ 均
小于 1，而 M. vittatus 的 HI 值为 2.72。根据目标致癌风险（TR）指数可知，雨
季，某些鱼类中的 Cr 和 Ni 含量对人类的致癌风险较低，而所有鱼类中 As、Cd
和 Pb 含量对人类无致癌风险；冬季，鱼类中 Cd 和 Ni 含量对人体有轻度致癌风
险，除 N. notopterus 中的 Ni。同时，鱼类中 Pb 和 Cr 浓度对人体有低致癌风险，
除 A. testudineus 中的 Cr 对人体为轻度致癌风险。 
 
关键词：污染，重金属，布里甘加河，生态风险，健康风险 
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Abstract 
The river Buriganga is an adjacent river of Dhaka city, the capital of 
Bangladesh having about 18 million people, which is considered as one of the most 
polluted rivers of Bangladesh. Ground water is the main source for the huge city 
people and its level going down day by day, so surface water can be an alternative. 
Attempts have been taken to assess some metals in water, sediments and fish of the 
Buriganga River by using inductively coupled plasma-mass spectrometry (ICP-MS) 
for a guideline in future study. Some heavy metals, i.e., Cr, Mn, Ni,Cu, As, Cd, Hg 
and Pb were measured by using ICP-MS of water, sediments and fish samples 
collected from seven sampling sites of the river Buriganga in monsoon (Aug 5, 2015) 
and winter (Feb 7, 2016). These were taken into account for detail seasonal and 
spatial discussion because of their detrimental effects on human health as well as 
aquatic lives. Levels of Cr and As in water were at below detection limit (BDL) in 
winter and Ni was found only at site-1(upstreaming) (1.868 mg/L). Most of the heavy 
metals concentrations were higher in winter than those in monsoon except Cr and As. 
Levels of the analyzed metals were not in a similar trend in monsoon and winter. 
Concentrations of the analyzed metals in water were 0.757, 0.059, 0.005, 0.011, 0.003, 
0.004, BDL, 0.038 mg/L in Cr, Mn, Ni, Cu, As, Cd, Hg, Pb, in monsoon and 
BDL,1.528, BDL, 0.162, BDL, 1.062, 0.102, 1.213 mg/L  in winter respectively.  
Spatial variation of the analyzed elements was not significant in monsoon 
while major variation was found in winter. This is reasonable because of continuous 
water flow during monsoon whereas the water body becomes stagnant in winter. 
Effluents from various industries mix well with flood water from upstream and those 
become confined to their discharging places. Cr is one of the most pollutants of the 
river Buriganga due to presence of a number of tanning factories on the bank of the 
river (mostly between site-1 and site 2). But the level of Cr in winter at BDL is 
surprising although it was the highest level among the analyzed elements in monsoon.  
Pb was found as the seven highest elements with an average level 1.213 mg/L, and the 
highest level (2.052mg/L) was found at site-1. The level of Hg was 0.102 mg/L in 
winter and the highest level (0.128 mg/L) was at site-2 followed by 0.120 mg/L at 
site-3.  
Similar trend of the studied metals was also observed for sediments and fishes 
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where the metal concentrations for winter were higher than those in monsoon; 
however, the difference was minimum and unlikely in water. It is reasonable to 
observe significant seasonal difference of the analyzed heavy metals in water because 
of dilution and/or washout by the flood and rain water resulting in much lower levels 
of the metals. In case sediments, the dilution and/or washout factors are insignificant 
so the different were observed with low variation. Concentrations of the analyzed 
metals were  42.229, 37.579, 6.394, 14.072,0.181, 0.206,0.016, 10.407mg/kg in  Cr, 
Mn, Ni, Cu, As, Cd, Hg, Pb, in monsoon and 44.083, 39.063, 7.138, 15.926, 0.198, 
0.227, 0.018, 11.405  mg/kg in winter respectively. Cr was found as the highest level 
with an average value 44.083 mg/kg, among the analyzed elements and its highest 
level (76.441 mg/kg in monsoon and 70.808 mg/kg in winter) was at site-1 that is 
reasonable because of the tanning factories are there. However, values of degree of 
contamination, contamination factor, potential ecological risk, and ecological risk 
factor in the sediment pollution assessment in both the seasons indicate low degree of 
contamination. 
The levels of the selected heavy metals were much higher in various fish 
species collected in winter compared to those in monsoon except As which were at 
BDL in all the fish species. Interestingly, Cr was also at BDL in water in winter but it 
was found in three different fish species A. testudineus (2.284 mg/kg) (site-1), H. 
fossilis (0.352 mg/kg) (site-1) and N. notopterus (0.196 mg/kg) (site-2) out of seven 
species while a common fish species, H. fossilis was also found at site-2 where the 
level of Cr was at BDL. The presence of Cr in the, H. fossilis and N. notopterus, A. 
testudineus species which are carnivore nature and especially H. Fossilis and A. 
testudineus species are known as bottom feeder. The highest element was Mn and it 
was 0.915 mg/kg in P. ticto and 47.410 mg/kg in A. testudineus. 
The health risk indices (HRI) for As were 92 and 170 times higher than the 
corresponding RfD values indicate the contaminated fish species can be considered as 
potential health hazard to the exposed population. However, in winter, the HRI values 
for Cd were from 148 to 2940 times higher than its RfD value for all the fish species. 
The HRI values for Cd are hundred to thousand periods higher than RfD value 
representing potential health hazard to the population through consumption of the 
contaminated fishes. However, according to target hazard quotient (THQ) values for 
every element for monsoon, there was no potential non carcinogenic health risk from 
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intake of a particular toxic element because of THQ and HI (hazard index) values less 
than 1. In winter, THQ values were also less than 1 for all the elements and the HI 
value was 2.720 only for M. vitattus. According to target cancer risk (TR) values Cr 
and Ni show low cancer risk to the population by consumption of some specific fish 
species in monsoon while As, Cd and Pb have shown no cancer risk at all by 
consumption of the contaminated fishes. In winter, Cd and Ni have shown moderate 
cancer risk through consumption of all the contaminated fishes except N. notopterus 
for Ni while Pb and Cr have shown low cancer risk to the exposed population except 
for Cr which has shown moderate cancer risk for A. testudineus. 
Key words: Pollution, Heavy Metal, Buriganga River, Ecologcal Risk, Health Risk, 
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Chapter 1 Introduction 
1.1 Common Introduction 
In the modern periodic table, there are 118 elements of which 94 occur 
naturally. Among them, some are metals/metalloids, non-metals, actinides and 
lanthanides. Metals are classified further into heavy metals, transition metals, 
alkali/alkaline earth metals. In general metals having specific density greater than 7 
g/cm
3
 are termed as heavy metals (Alam et al., 2002; Moniruzzaman et al., 2009). 
Although earth’s crust is the natural source of heavy metals, anthropogenic activities 
also alter their geochemical cycles and biochemical balance significantly. 
Anthropogenic activities like industrialization, mining, urbanization etc are also 
responsible of heavy metals pollution of the environment. Heavy metals such as, lead 
(Pb), mercury (Hg), cadmium (Cd), chromium (Cr), arsenic (As) are known as 
hazardous metals to human health even at trace level. Copper (Cu), selenium (Se), 
nickel (Ni), cobalt (Co), manganese (Mn), zinc (Zn), molybdenum (Mo), uranium (U) 
etc may also cause toxic effects to human health but with lesser extent compared to 
the above mentioned heavy metals (Alam et al., 2002; Moniruzzaman et al.,  2009; 
Ahmad et al., 2010).  
Discharging of untreated industrial effluents into the water bodies, use of 
chemical pesticides and fertilizers, rapid and spontaneous urbanization, atmospheric 
statement of dirt/aerosols and waste water perform in irrigation are accountable for 
environmental pollution. Unrestrained application of dirt sludge and vehicular 
emissions also play an important role in polluting the water environment. In addition, 
usual processes such as weathering and erosion of parent materials may raise loads in 
the water atmosphere. 
Contamination of the surroundings by heavy metals is an immensealarm 
world-wide because of their toxicities, long-lasting persistence, and, accumulation in 
aquatic and biotic environments. The habitats contaminated by heavy metals may 
possibly gather in micro-organisms and floral vegetation and organisms, which, in 
turn, may go into human food stuff resulting in fitness hazards that may cause severe 
human diseases. In history, there are few but epidemic diseases caused by the heavy 
metals pollution, of them, Itai-itai and Minamata diseases are known to us (ICETT 
1998; Minamata Disease 2002). Both the diseases were originated in Japan, and the 
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itai-itai syndrome was caused by Cd contamination  in Toyama Prefecture in 1912 and 
the minamata disease was for mercury poisoning in Kumamoto Prefecture in 1956 
(ICETT 1998; Minamata Disease 2002). 
The Dhaka city was built in such a way that it could use the facilities of inland 
transportation by the peripheral rivers such as Buriganga, Shitolakhkha, Dhalesswari, 
Turag, Balu, for a long time (Figure 1.1). Accordingly, most of the industries and 
factories in Dhaka were set up in and around the city to take advantage of 
transportation by the peripheral rivers. A number of new industries/factories are still 
being set up, but with the primary objective of dumping the industrial wastes in the 
rivers.  
 
 
Figure 1.1 Peripheral River around Dhaka City in Bangladesh 
(Source:Bangladeshhttps://www.researchgate.net/figure/237126568_fig1_Fig-1-Map-of-peripheral-
rivers-around-Dhaka-City) 
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With the increase of population in the Dhaka Metropolitan area, demand for 
safe water is also increasing. The population of Dhaka city is about 18 million and 
this large population creates enormous pressure on water supply system and causes 
serious water crisis every year. The ground water is the key source of water in Dhaka 
city, an excessive amount of withdrawal of groundwater lowers the water table every 
year. This lowering of the aquifer level exceeds the natural recharge rate. Such 
depletion of aquifer level may cause several natural hazards like sudden landslide, 
extended and sustained water logging for longer period, etc.  
The present rate of utilization of existing ground water sources is not enough 
to meet the water demand for the huge population of the Dhaka city (about 18 
million). This situation can be improved if safe water needs are met by supply from 
surface water. This objective can be fulfilled if the present pollution level of the 
surface water is brought under specified limit. The rivers that surround Dhaka City 
should have been the sources of surface water supply to the city. However, 
uncontrolled  discharge of industrial wastewaters directly  into the  rivers and the 
nearby water bodies that feed the rivers and discharges from the sewerage lines of the 
city have heavily contaminated these surface water sources with various pollutants, 
e.g., heavy metals, organic pollutants, solid wastes etc. The properly treated river 
waters can be potential options of safe water supply. It is needless to point out that 
before treatment, the level of pollution of these peripheral river watersshould be 
determined.  
Once the peripheral rivers, e.g., Buriganga and Turag, were the main sources 
of water for the fulfillment of house-hold, industry, and agriculture/vegetation demand 
to the people. Historically heavy industries were set up near the peripheral rivers and 
the objectives were direct discharging of wastewater/effluent into the rivers and still it 
is partially continued. Therefore, the rivers have exceeded their pollution levels with 
not only by heavy metals but also with other pollutants. The contamination level has 
reached at such a level that river water is limited their use as potable water. Once the 
river Shitalakhy was free from contamination, and Dhaka Water Supply & Sewerage 
Authority (WASA) used the Shitalakkha river water for the city dwellers after 
treatment at Sayadabad water treatment plant (Dhaka). Unfortunately, the river water 
has become contaminated by untreated industrial effluents from various 
industries/factories. The downstream of the Shitalakhy River has severely 
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